We recently reported that the change of amino acids at positions 17 and 18 in nef of simian immunodeficiency virus strain SIVmac239 from RQ to YE created a virus capable of replicating in lymphocytes without prior lymphocyte activation and without the addition of exogenous interleukin-2 (IL-2) (5). This property is very unusual for the human immunodeficiency virus and SIV group of viruses which ordinarily require prior lymphocyte activation for reasonable levels of virus replication (14, 23) . Activation of lymphocytes increases the pool size of nucleotides needed for reverse transcription, facilitates efficient nuclear targeting of viral DNA, and induces transcription factors such as NF-B important for expression of proviral DNA (10, 15, 20, 22) . The ability of SIVmac239 with the YE change to replicate in peripheral blood mononuclear cells (PBMC) in the absence of lectin stimulation and in the absence of exogenously added IL-2 results from its ability to cause extensive lymphocyte activation (5) . SIVmac239/YE also induces an acute disease characterized by severe diarrhea, rash, and extensive pathology in the gastrointestinal tract. Gastrointestinal lesions are characterized by extensive lymphocyte activation and proliferation, inflammation, blunting of villi, and destruction of architecture.
The specific change of RQ to YE was selected on the basis of sequence comparison to SIV strain pbj14 (SIVpbj14) and the nature of sequence motifs produced by these changes. SIVpbj14 had been described several years earlier as an acutely lethal pathogen capable of causing lymphocyte activation in cell culture (7, 8) . The presence of YE at positions 17 and 18 of nef created a series of tyrosine residues with a spacing and context reminiscent of the immune receptor tyrosine-mediated activation motifs (ITAMs) present on the cytoplasmic domains of B-and T-cell antigen receptors and Fc receptors (17, 19) . The ITAMs function as SH2 binding domains for the transduction of signals from the cell surface (for reviews, see references 1 and 16).
While most strains of SIVmac and SIVsmm contain a single NF-B binding element, SIVpbj14 is also unusual in that the NF-B element is duplicated (2) . It has been suggested that the presence of two NF-B transcriptional control elements may contribute to the unusual properties of SIVpbj14 (3, 4) . Here, we describe the effects of several variations at the nef and NF-B loci. Our results show that tyrosine at position 17 of nef is absolutely necessary for the unusual phenotype of SIVpbj14 in vitro and is sufficient to convert SIVmac239 to a virus with a phenotype like that of SIVpbj14. Not only are two NF-B binding elements not needed for the unusual phenotype of SIVmac239/YE, even a single NF-B element is unnecessary.
Mutations in nef were created by site-specific mutagenesis according to previously described procedures (5, 6) . The mutations in nef used for the current studies are shown in Fig. 1 . and two NF-B binding elements has recently been described (11) . SIVmac239 mutants with a change in amino acid R to Y at position 17 in nef (SIVmac239/R17Y) with zero, one, and two NF-B binding elements were constructed by exchange of restriction fragments. The NF-B variations were introduced into both long terminal repeats. The proper structure of all variants was confirmed by DNA sequencing. Virus stocks were prepared by transfecting cloned DNA into CEMx174 cells by a DEAE dextran procedure and harvesting supernatant virus 10 days after transfection (5) . Rhesus monkey PBMC were isolated from healthy, SIV-negative rhesus monkeys. Virus replication in resting and phytohemagglutinin (PHA)-stimulated PBMC was analyzed by monitoring p27 antigen production in the cell-free supernatant. Resting PBMC cultures were incubated in RPMI 1640 medium with 10% fetal calf serum without the addition of mitogen and without IL-2. PHA-activated PBMC were cultured similarly in the presence of IL-2.
The change of nef amino acid Q-18 to E (Q18E) in SIVmac239 did not allow significant viral replication in resting PBMC cultures (Fig. 2) . In contrast, the R17Y change in nef imparted the full replicative capacity for resting PBMC cultures observed with the original R17Y and Q18E mutations (Fig. 2 ). SIVmac239/Q18E and SIVmac239/R17Y replicated in a manner similar to that of SIVmac239 and SIVmac239/YE in activated PBMC cultures (data not shown). Thus, the change of a single residue in nef, R17Y, is fully sufficient for a high level of SIVmac239 replication in resting PBMC cultures. We also performed the converse experiment of changing the corresponding tyrosine at position 17 in nef of SIVpbj14 to arginine. SIVpbj14 clone 1.9 was kindly provided by Steven Dewhurst (2) . SIVpbj14 clone 1.9 replicated in a manner similar to that of SIVmac239/YE in resting PBMC cultures from rhesus monkeys (Fig. 3A) . Mutation of Y17R in nef of SIVpbj14 abrogated this ability to replicate in resting PBMC cultures (Fig. 3A) . The Y17R mutant of SIVpbj14 replicated in a manner similar to that of the parental clone in PHA-activated PBMC (Fig. 3B) . Thus, tyrosine at position 17 of nef is absolutely essential for the in vitro phenotype of SIVpbj14 and is sufficient to convert SIVmac239 to a virus with a phenotype like that of SIVpbj14.
Next we sought to obtain genetic evidence that the YXXL motif was not functioning as an internalization signal. YXXL and FXXL sequences in the cytoplasmic domain of membrane proteins can function as signals for internalization (21) . Mutation of Y17F in nef allowed wild-type replication in PHAactivated PBMC (Fig. 4B) , but the Y17F mutant did not replicate more efficiently than SIVmac239 in resting PBMC (Fig.  4A) . These results do not support a role for the YXXL sequence as an internalization element.
The R17Y change creates a sequence of 15DLYQRLLRAR GETYGRL31, reminiscent of SH2 binding domains present in ITAMs. A key feature of the ITAMs is two YXXL elements separated by seven amino acids (1, 19) . We thus asked whether tyrosine at position 28 was required for the unusual in vitro phenotype. A change of Y28F was created in the context of SIVmac239/YE; thus, this strain contained Y at position 17, E at position 18, and F at position 28. This mutant strain lost its ability to replicate in resting PBMC cultures (Fig. 5) . Thus, tyrosine residues at both positions 17 and 28 are required for virus replication in resting PBMC cultures. Most strains of SIVmac, SIVsmm, and human immunodeficiency virus type 2 contain a single binding site for the NF-B transcription factor. SIVpbj14 is also unusual in that it contains a duplication of the NF-B binding elements (2) . We thus investigated the relative contribution of the number of NF-B binding elements to the phenotype of SIVmac239/R17Y. Derivatives of SIVmac239/R17Y with zero, one, and two NF-B binding elements were constructed for this purpose. Amazingly, SIVmac239/R17Y mutants with zero, one, and two NF-B binding sites all replicated similarly in both resting and stimulated PBMC (Fig. 6) . Thus, not only are two NF-B elements not needed for the unusual phenotype, even a single NF-B element is not needed. While surprising, the high level of replication of virus containing no NF-B elements in this study is consistent with recent observations of the enhancer elements of SIVmac239 (11) . SIVmac239 variants completely missing all Sp1 and NF-B elements can still replicate in a manner similar to that of the parental virus in PHA-activated PBMC (11) . This is very different from the situation with human immunodeficiency virus type 1 and is due principally to an enhancer element immediately upstream of the NF-B binding site in SIVmac239 that is not present in human immunodeficiency virus type 1. SIVmac239/YE missing all NF-B and Sp1 elements also replicated very well in resting PBMC cultures (data not shown).
Two rhesus monkeys were experimentally infected with each SIVmac239/R17Y variant containing zero, one, and two NF-B elements. Viral inocula were normalized to contain 300 ng of p27 antigen and were administered by the intravenous route. All animals were negative for antibodies to SIV, type D retrovirus, and simian T-cell leukemia virus type 1. Animals were housed in accordance with standards of the American Association for Accreditation of Laboratory Animal Care. We adhered to the Guide for the Care and Use of Laboratory Animals prepared by the Committee on Care and Use of Laboratory Animals of the Institute of Laboratory Resources, National Research Council. The original plan to sacrifice one monkey in each group on day 9 and on day 10 for pathological examination had to be modified when one of the monkeys (205-84) became moribund and had to be sacrificed on day 8 postinoculation. This monkey was infected with the Ynef variant containing no NF-B binding sites. Subsequent pathologic examination revealed the presence of severe gastrointestinal disease in this animal (Table 1) . Animal Mm205-84 showed a clinical disease pattern and pathologic lesions typical of those recently described in detail for SIVmac239/YE (18) and similar to previous descriptions for SIVpbj14 (9, 12, 13) . There were no significant differences in either the severity of the disease or the nature of the pathologic lesions whether the Ynef variant contained zero, one, or two NF-B binding elements (Table 1) .
We have shown unambiguously that tyrosine at position 17 of nef is absolutely essential for the unusual phenotype of SIVpbj14 and is fully sufficient to convert SIVmac239 to a virus with a phenotype like that of SIVpbj14. The key feature of this unusual phenotype, both in cell culture and in animals, is the ability to cause lymphocyte activation. An increasing body of evidence indicates that the YXXL motifs in this strain are functioning as SH2 binding domains in the activation of signal transduction pathways for this lymphocyte activation. YEnef can bind src in cotransfected cells and is phosphorylated on tyrosine in these transfected cells (5) . YEnef strongly transforms NIH 3T3 cells in culture (5) and can overcome the block to cell growth caused by the N17 ras transdominant inhibitor (12a) . The nature of the YXXL sequences is very reminiscent of the ITAMs, a particular type of SH2 binding domain present on B-cell antigen, T-cell antigen, and Fc receptors. Here we have shown that tyrosine at nef position 17 cannot be substituted with phenylalanine, which is more consistent with a role as an SH2 binding element than as an internalization signal. We have also shown that the presence of tyrosines in tandem at residues 17 and 28 is required for the unusual in vitro phenotype. While Du et al. (5) have shown an association with src in cotransfected cells, the true cellular partners, as well as the pathways activated, remain to be elucidated. 
